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7th Japan - U.S. Conference
on Drinking Water Quality Management and
Wastewater Control

Outline of Presentation

+ Drinking water distribution system
issues

+ Drinking water source water
protection

Microbial source tracking

Verification of ballast water treatment
technologies
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Drinking Water
Distribution Systems
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Drinking Water Distribution
Systems
Current Research

= High lead levels in Washington D.C.
= Corrosion and pinhole leaks
= Distribution system biofilms

= Arsenic accumulation in distribution
systems

High Lead Levels in the
Drinking Water in
Washingon D.C.
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WHY IT HAPPENED; Eh change due to disinfection change:
Lead Research Summary

Field and Lab t Studii
EMF-pH Dilagram for Pb - H,0 - CO,System 'e/d and taboraiofy Studies

P e "™ (2) You moved to here * Pb oxidation state and corrosion scale
‘-“E ; geochemistry (solubility) controlled by Eh
BERES) : and water chemist
1401 E‘aux:go T X > - Re:latil\:lely_ info{lﬂuble{Pb(lV) (ngely PbO,) favored in high Eh water (e.g.,
= = 2 ‘well chlorinated water)
P 021 am) = * Pb03 = More soluble Pb(ll) solids favored in lower Eh (e.g., chloraminated water)
— 050 | 24 y - 0 e = In I%C (andI agew olherl!ocalions) both oxidation states found in corrosion
"%J (3) Yjou are Ndback to here| 3 = scd SS_O" o2 ,Semce ines
e | ol . = Pb oxidation state appears to be
y J BT Po(CO, ). || | PoiOH, reversible and sensitive to Eh changes
ATER RE DIy - - : .
§ 050 L0t e T = All current lead control strategies
SRR based on Pb(ll) chemistry
s S = Many unknowns including: Pb(IV)
T RSEIKRAKIS . . :
RIS ! chemistry in water, Pb (IV)(Il)
A8 e 2 e s e e reversion rate, role of particles, role of

pH corrosion inhibitors, etc..
(DIC based on Cincinnati value, about the average for D.C.) SEARC

Localized Corrosion
(Pitting)

Copper Pitting Corrosion
and Pinhole Leaks

Pitting is a localized acceleration of corrosion
that results in the thinning of the pipe wall
in the effected area.

Pinhole Leaks Objective

+ Closely examine copper pipes
that have signs of pitting
corrosion using solids analysis
techniques

+ Suggest mechanism of pitting
Pinhole leaks resulting from copper pitting corrosion
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Localized Corrosion General Observations

(Pitting)
* Cold water
- Type I - Cold Water Pitting + Horizontal runs of pipe
+ Attacks horizontal runs of cold water . 3 pipe
pipes in systems using well waters with a
high sulfate to chloride ratio * Homes are about 7 years old
- Type IT - Hot Water Pitting * Leaks occur near elbows and
+ Occurs in hot water with a pH below 7.2 Joints as well as in Iong runs
- Type III - Soft Water Pitting * No preference for the top or

bottom of a pipe

* Occurs in soft water below pH 8.0
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PI'I' PI"OPGQCI'HOH Schematic View of a Copper Corrosion Pit
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Particle deposition, particle growth, and corrosion cell
formation

1 Diffusion Barrier -~ Calcium Carbonate

2. Uniform Corrosion Scale

3 Cu, AL Si, Mg rich solid

4. Corrosion Cap - Bronchantite [Cu,(OH),(SO,)], Ponsjakite ~[Cu,(OH)((SO,)*H,0
5. Britlle Perforated Membrane

6. Corrosion Pit Filled with Cuprite

Pipe Wall
ranmental dEsisions

Experimental Objectives

g Compare biofilm populations exposed to HOCI or NH,ClI

e Examine biofilms for the presence of
opportunistic pathogens

AN PEARTENR PRPE R

Findings

& Similar populations in both chlorinated and non-chlorinate
biofilms (Cincinnati water)
& acclimated to chlorine
e low TOC

& Sequences similar to those found in previous study
of Cincinnati drinking water

& Biological activity removed NH2CI residual

& Chloraminated biofilm dominated by Mycobacterium
and Dechloromonas species

RESEARCH & DEVELOPMENT

AN PEARTENR PRPE R

» Determine the composition of solids
collected from distribution systems
where measurable amounts of
arsenic in the finished water

- pipe sections (corrosion
products, deposits, etc.,)

- fire hydrant flush (loose
particles, corrosion products,
etc.,)

Bisilelin o sci
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ug As/

Summary of the Arsenic
Composition of Solids

®  Hydrant flush solids
@ Pipe section solids

Inside
Pipe
Wall
« Corrosion
Deposits

Arsenic Composition
Relationships

Initial arsenic- no
Pipe or flush- no
Water chemistry- no
Treatment- no
Material age- ??

Findings

» Arsenic does concentrate in
distribution systems

* Amount of arsenic was independent
of variables considered in this study

* Other contaminants may also
behave as arsenic

H& DEVELOFPME]

Source Water Protection

A Methodology to Evaluate the Effectiveness
of Non-point Source Pollution Abatement Programs

N

3 Helesme €8
HAP CREMEAN
WATER PLANT
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Project Goal

Develop a methodology for
evaluating the performance of
watershed-scale non-point
source pollution abatement
programs.




Source:

Long-Term Water Quality Data
Identifies Concern

s

Atrazine Concentration (ygiL)

Atrazine MCL 3 ygh

SRIENNINn

1986 1957 1986 1989 1990 1991 1992 1993 1904 1995 1996 1997 1998 1999 2000 2001 2002 2003

Division of Water, Water
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BMP Implementation
Program

1999 Program BMP Implementation Analysis*

Practice Incentive Rate Acres Enrolled Cost
Conservation Tillage

Corn $ 8lacre 163 (5.2%) $ 1,309 (4.5%)

Soybeans $ 8/acre 63 (2%) $ 501 (1.7%)

Wheat $ 8/acre 332 (10.6%) $ 2,655 (9.1%)
Crop Rotation (wheat) $ 5/acre 341 (11.2%) $ 1,706 (5.9%)
Residue Management $ 5lacre 58 (1.8%) $ 288 (1%)
Pesticide Management $15/acre 1,498 (48.2%) $22,477 (77.7%)
Nutrient Management $ O/acre 3,108 (100%) $ 0
Precision Farming $ 1/acre 0 $ 0

TOTAL 3,108** $ 28,938

* First of five-year cost-share allocation
“* Approximately 4.3% of total watershed cropland acres . .
Critical Question:

Do these practices achieve water
quality goals?

& DEVELOPMENT,

Project Approach

Task 1: Project Management
Task 2: Information Management Systems
Task 3: Evaluate and Select Models
Task 4: Establish Benchmark Conditions
Task 5: Evaluation of EQIP
Task 6: Recommendations

Task 7: Documentation

LOPME]
el e i

BMPs

1) Simulate atrazine runoff
reduction from EQIP funded

A Water Quality

Task 5: Evaluation of EQIP
Program

2) Calculate annual Hoover Reservoir
atrazine load using empirical model

AMass = [(Crx V) + [(C+ C) / 2 X Vgl = Cx V]V,

where;

AMass = Estimated atrazine load to Hoover Reservoir

3

3) Compare changes between model runoff
loss and annual Hoover Reservoir atrazine
load

Atrazine Loss (mass)

Arazine Mass

Task 2: Information Management
Systems

Data Elements
(Crop Production Features.

Crop Typel
Sequence

Physical Features

T _ Data Management
Customer NRCS &
NRCS Service Ohio DNR
Customer Service Toolkit GIS Technology
Toolkit Support
Wodel Process
Wodel Ot

Source: EPA, 2003,

Conservation

Detention Basin
(where/when)

Microbial Source
Tracking

ARCH & DEVELOPMENT
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¢ 13% of U.S. waters impaired due to fecal
contamination (2000)

* Over last 3-5 years, microbial source tracking use
has increased dramatically across US

» The methods are being used to try and identify
sources of fecal pollution in waters impaired due
to fecal pollution

* Investment increasing

EARCH & DEVELOFMENT
i

Characteristics for Effective
Source ldentification

v'Accuracy
v'Robustness
v'Universality
v'Quantification
v'Inexpensive
v'Rapid

ARCH & DEVELOPMENT.
e

Types of source
identification methods

« Library Dependent vs Library Independent
» Phenotypic vs Genotypic

» Presence/absence vs Quantitative

Simpson, JM, DJ. R » JW. Santo D 2002. Microbial Source
Tracking: State of the Science. Environ. Sci. Technol. 36:5279-5288.

RESEARCH & DEVELOFMENT.
i

Library Dependent Methods

* Requires culturing of organisms

* Library = “Fingerprint” database of
E. coli or fecal enterococci methods

* Requisite = Large number of isolates
(1000s!) from water samples and
suspected animal sources

RESEARCH & DEVELOPMENT

Library-dependent
methods

From this ... to this

ABCDEFGHI JKLMNOPQRSTUYV From Dombek
chickens ha
N

AL
4 and others., 2000

sheep

TeeREEcals SRl cEsnna. cows yi'

humans.

Library Independent Methods

 Culture independent

* No libraries

* Host Specific PCR
= Fecal anaerobes
= Viruses
= Toxin genes

EARCH & DEVELOPMENT

ftfon for sonmed Emvivonmental desiions
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Program verifies the performance
of commercially ready treatment
technologies according to
stakeholder established test
protocols

RESEARCH & DEVELOPMENT.
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Parameter

= Core
« Salinity
» Total suspended solids (TSS)
+ Particulate organic material (POM)
» Dissolved organic material (DOM)
Dissolved oxygen (DO)
» Indigenous species
» Surrogate species
O&M Factors
Continuous/Discrete
= Additional
Turbidity (NTU)
+ Chlorophyl-a
* Adenosine triphosphate (ATP)

Timin

Continuous
Discrete
Discrete
Discrete
Continuous
Discrete
Discrete

Continuous
Continuous
Discrete

» Ray Frederick
»Darren Lytle

» Jill Neal

» Christopher Nietch
»Jorge SantoDomingo
» Michael Schock
»Margaret Williams
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